1. Introduction {#sec1}
===============

In recent years, morphology dependent applications of nanomaterials are under investigation \[[@bib1], [@bib2], [@bib3]\]. Change in morphology of nanomaterials open up pathways for utilizing these nanomaterials for such applications, which could not be realized for spherical nanoparticles \[[@bib4], [@bib5]\]. Thus numbers of oxide materials are being explored to establish correlation among morphology and properties. One such example is ZnO that has been reported to be the richest family in terms of different morphologies and material structures [@bib6]. Depending upon morphology, ZnO has vast area of application in electronics [@bib7], sensing [@bib8], magnetic [@bib9], catalytic [@bib10], and solar cell devices [@bib11]. Several research groups have synthesized ZnO nanostructures that include nanowires, nanotubes, nanobelts, nanorods by different available methods such as physical and chemical deposition method [@bib6], spray pyrolysis [@bib12], sol-gel method [@bib13], and hydrothermal method [@bib14]. These studies envisage that ZnO nanostructure growth morphology is strongly influenced by the route chosen for synthesis and surrounding environment of the process \[[@bib15], [@bib16]\]. Wang *et al.* [@bib17] synthesized hierarchical flower-like ZnO nanostructures by one-step solution route and demonstrated the role of OH^−^ ions in formation of flower-like nanostructures.

While investigating the nanostructure properties, crystallite size is ordinarily obtained from X-ray diffraction (XRD) pattern by using Debye-Scherrer formula of size calculation but it lacks the contribution from lattice strain parameter that also leads to XRD peak broadening. Strain occurs in material due to crystal imperfections and dislocations. Moreover along with crystal size, presence of vacancies and metal-oxide bond length equally play a crucial role in determining the physical properties. The complete knowledge of these parameters is of utmost importance. Thus in order to have necessary and appropriate understanding, Williamson-Hall (W-H) method is used to extract the size parameters. W-H method is simplified approach that allows one to quantitatively determine lattice strain from XRD peak broadening. Uniform deformation model (UDM), Uniform stress deformation model (USDM) and Uniform deformation energy density model (UDEDM) are used to approximate crystal size, lattice strain, and stress and energy density parameters [@bib18]. These models are derived from the modified equation of W-H method. Similarly, work on evaluating metal-oxide bond length, presence of vacancies such as oxygen and Zinc vacancies have also been reported. Xiaodong *et al.* [@bib19] presented theoretical approach to the role of oxygen vacancies in intrinsic and defect of ZnO crystal by considering 2 × 2 × 2 ZnO supercell having 16 zinc and 16 oxygen atoms. Some research groups used synchrotron based X-ray absorption spectroscopy (XAS) technique to attain metal-oxide bond length and vacancies present in materials [@bib20]. Akgul *et al.* [@bib21] synthesized doped ZnO nanocomposites and provided the qualitative information about the different bond lengths through XAS measurements, but till date limited theoretical and experimental reports are available that focuses on change in local electronic/atomic structure of absorbing atom with the change in morphology. Moreover, the electronic structural properties using XAS and Reitveld\'s refinements analysis have been rarely compared for these process by other authors.

In this paper, ZnO was synthesized by two different routes i.e., sol-gel and hydrothermal method. The synthesis route decides the chemical and physical properties of the samples, which are minutely discussed for their crystallinity, surface morphology and strain. We report the comparative study obtained in terms of crystal size, metal-oxide bond length and vacancies present in these two synthesized systems. The density functional theory (DFT) based FEFF 9.0.5 has also been used to simulate the near-edge X-ray absorption fine-structure (NEXAFS) and extended x-ray absorption fine-structure (EXAFS) spectra.

2. Experimental {#sec2}
===============

2.1. Synthesis of ZnO nanostructures {#sec2.1}
------------------------------------

In the synthesis process, chemicals were of analytical grade and used as received.

*Sol-gel method*: To synthesize ZnO nanoparticles, 0.1M Zn(CH~3~COO)~2~·2H~2~O was dissolved in 100 ml de-ionized (DI) water. To this solution, 0.1M aqueous KOH prepared in DI-water was added drop by drop under continuous magnetic stirring (pH ≈ 9) at room temperature till the formation of milky precipitates (gel). This gel was then grouped into two, named as R1 and R2 for comparative study under different synthesis environment (R1 and R2 will be used thereafter). R1 was centrifuged at 3000 rpm and washed many times, first with DI water and then with isopropyl alcohol. It was dried at 80 °C for 6 h in oven and grounded with mortar pestle into a fine powder.

*Hydrothermal method:* Following the above procedure, R2 was transferred into teflon-lined stainless steel autoclave; half filled with isopropyl and maintained at 150 °C for 24 h. The resulting product was centrifuged and washed in the same manner as described previously. It was sintered at 400 °C for one hour and allowed to cool down slowly to room temperature. Finally it was also grounded to a fine powder. The schematic of synthesis procedure is shown in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1Schematic representation of synthesis process: Sol-gel (R1) and hydrothermal (R2) methods.Fig. 1

2.2. Characterization {#sec2.2}
---------------------

The crystallinity of synthesized samples was determined through X-ray diffraction (XRD, Panalytical\'s X\'Pert Pro) having Cu K~α~ radiation (λ = 0.1541 nm) at Bragg\'s angle ranging from 20^o^ to 90^o^ with 1^o^ per minutes for better resolution. Morphological study was done using FE-SEM (FEI Quanta FEG 200 HRSEM). The Raman scattering measurements were performed using Ranishaw InVia Raman microscope under the excitation by 514 nm argon-ion laser at 50 mW power. UV-diffuse reflectance spectroscopy (UV-2600 SHIMADZU) was performed to obtain the energy band gap. Near-edge X-ray absorption fine-structure (NEXAFS) measurements at O *K-* and Zn *L*~*3,2*~- edges were performed on both the samples at 10D(XAS-KIST) beamline and extended X-ray absorption fine-structure (EXAFS) measurements for Zn *K-* edge was done at 1D XRS KIST-PAL beamline of Pohang Accelerator Laboratory, South Korea. The details of NEXAFS and EXAFS measurements are described elsewhere [@bib22].

2.3. Simulation details {#sec2.3}
-----------------------

Fullprof software was used for Rietveld refinement of XRD data [@bib23]. NEXAFS and EXAFS spectra were simulated for the wurtzite model using software Athena and Artemis (FEFF ver 9.05) code developed by J.J. Rehr based on real space full multiple-scattering theory (FMS) for different experimental parameters to investigate the electronic structure changes \[[@bib24], [@bib25]\].

3. Results and discussion {#sec3}
=========================

3.1. Structure and phase formation {#sec3.1}
----------------------------------

[Fig. 2](#fig2){ref-type="fig"} shows refined XRD patterns for R1 and R2 by considering P*63mc* space group. Results confirmed the presence of wurtzite structure in both samples. In the refinement of wurtzite ZnO with Zn at (1/3,2/3,0) and O at (1/3,2/3,u), pseudo-voigt function has been taken into account in describing the Bragg shape. Final structure obtained after refinement was evaluated by various *R* parameters (reliability parameters) and smallness of *χ*^*2*^ (fitness factor), which is the difference between observed and fitted data. [Fig. 2](#fig2){ref-type="fig"} shows graph for R1 and R2, in which observed and simulated data were matched with least possible value of *χ*^*2*^ that came out to be less than 1.5. The various reliability parameters that reveal the fitting quality of experimental data and lattice constants were listed in [Table 1](#tbl1){ref-type="table"}. Values obtained were found to be consistent as reported in literature [@bib26]. Further we calculated *c/a* and wurtzite parameter *u*, which is defined as the relative displacement between Zn and O sub-lattices along the *c-axis*. These values deviate from the standard values for the bulk ZnO (*c/a* and *u* parameters as 1.6333 and 0.375, respectively); this infers that Zn-O bond length is different in *c-axis*. Further Zn-O bond length was calculated using formulae *u·c* (along *c- axis*) and \[*a*^2^/3 + (1/2 − *u*)^2^*c*^2^\]^1/2^ (perpendicular to *c-axis*) [@bib27]. Thus bond distance values calculated for R1 and R2 are 1.9908 Å and 1.9892 Å along c, 1.9745 Å and 1.9743 Å in other direction , respectively.Fig. 2Rietveld refined XRD pattern of (a) R1 and (b) R2, where blue lines represents the difference (residue) between observed and fitted data points.Fig. 2Table 1Rietveld refined reliability parameters: Rp (profile factor), Rwp (weighted profile factor), Re (expected weighted profile factor), Rb (Bragg factor), Rf (crystallographic factor) and lattice parameter for R1 and R2.Table 1ParametersValue for samplesR1R2*Rp* (%)12.710.70*Rwp* (%)15.113.30*Re* (%)13.613.40*Rb* (%)4.703.43*Rf* (%)3.851.94*Χ*^2^1.230.99*a* (Å)3.25173.2485*c* (Å)5.20905.2033*c/a*1.60191.6017*u*0.38220.3823

Micro-Raman analysis of ZnO (R1 and R2) was conducted at room temperature. The vibrational modes of phonons at *Γ*~opt~ point of Brillouin zone was deduced from the following representation

In above equation ([Eq. (1)](#fd1){ref-type="disp-formula"}), the two polar modes *A*~1~ and *E*~1~ are Raman and infrared active modes, respectively and splits into longitudinal (*A*~1L~, *E*~1L~) and transverse (*A*~1T~, *E*~1T~) components. *E*~2~ is nonpolar having two-fold degeneracy (*E*~2(low)~ and *E*~2(high)~) and is Raman active only. *E*~2(low)~ mode is analogues to vibration of Zn sub-lattice, whereas *E*~2(high)~ is associated with oxygen atom and represents the wurtzite phase of material [@bib28]. *B*~1~ is silent mode i.e., both Raman and infrared inactive. The Raman spectrum for R1 was found to have peak at 438.2 ± 1 cm^−1^ and for R2 peaks at approx. 203.9 ± 1 cm^−1^, 332.4 ± 1 cm^−1^, 438.2 ± 1 cm^−1^, and 579.5 ± 1 cm^−1^ were observed as shown in [Fig. 3](#fig3){ref-type="fig"}. The peak at 438.2 ± 1 cm^−1^ in both samples was *E*~2(high)~ corresponding to the presence of crystalline wurtzite phase in ZnO. These results were consistent with the one obtained from XRD. Moreover *E*~2(high)~ peak for R2 was more improved as compared to R1. The other weak peaks in R2 at 203.9 ± cm^−1^ was due to *E*~2(low)~ and at 332.4 ± 1 cm^−1^ was attributed to difference in frequency of *E*~2(high)~ and *E*~2(low)~. This was supposed to be originated from multiple-phonon scattering phenomenon [@bib29]. These modes occur due to structural disorders in the host matrix. The peak at 579.5 ± 1 cm^−1^ in R2 was due to *A*~1L~ mode. The result of Raman analysis provided the information regarding the improved crystallinity and structure of ZnO in R2. The morphology of ZnO nanostructures highly depends upon pH, precursor concentration, and temperature of growth. Among these parameters, temperature at which the reaction is operated strongly influences the aspect ratio and morphology [@bib30]. Thus the R2 sample synthesized at different condition from R1 has improved nanostructure and crystallinity.Fig. 3Raman spectra for R1 and R2, ZnO nanostructure samples.Fig. 3

3.2. Structural and morphological investigation {#sec3.2}
-----------------------------------------------

The crystallite size obtained using Debye-Scherrer formula (*D* = *k λ*/*β*cos *θ*, where *k* is constant, *λ* is Cu K~α~ radiation wavelength, *β* is full width half maxima) was calculated as 23 ± 1 nm for R1 and 26 ± 1 nm for R2. Further ZnO morphologies were studied through FE-SEM micrographs as shown in [Fig. 4](#fig4){ref-type="fig"}. It clearly revealed the formation of spherical particles in R1 whereas formation of *μ*--flower structure took place in ZnO synthesized through hydrothermal method (R2). In R2, some hexagonal ZnO structures have been observed with average side length of 1.62 μm, average width 1.35 μm and angle measurements in degrees (lower portion of [Fig. 4](#fig4){ref-type="fig"}). Average size of ZnO *μ*-flower was about 15 μm whose magnified image was also shown on the right side of [Fig. 4](#fig4){ref-type="fig"}.Fig. 4FE-SEM micrographs for R1 and R2 along with their magnified image on right side and measurement of hexagon structure sides in μm were presented at the bottom of figure.Fig. 4

On the basis of FE-SEM micrographs, it was supposed that the growth mechanism for the formation of structures for R1 and R2 must have involved following three stages as shown in [Fig. 5](#fig5){ref-type="fig"}. First stage evolved the formation of Zn(OH)~2~ white precipitates on titrating aqueous zinc acetate with KOH. Zn^2+^ and OH^−^ ion concentration strongly influence the growth of Zn(OH)~2~ nanostructure. On giving the heat treatment to Zn(OH)~2~, ZnO spherical structures were formed ([Eq. (2)](#fd2){ref-type="disp-formula"}). In second stage, crystal was allowed to grow under the controlled environment of autoclave at 150 °C that leads to the decomposition of Zn(OH)~2~ to ZnO nuclei which was believed to be the elementary unit for the development of final product ([Eq. (3)](#fd3){ref-type="disp-formula"}). Moreover if there was an excess of OH^−^ ions, it would lead to the formation of \[Zn(OH)~4~\]^2−^ which upon dehydration promotes augmentation of ZnO nuclei, respectively. The process was explained through reactions given below [@bib31].$$\left. Zn\left( OH \right)_{2} + 2OH^{-}\rightarrow\left\lbrack Zn\left( OH \right)_{4} \right\rbrack^{2-} \right.$$$$\left. \left\lbrack Zn\left( OH \right)_{4} \right\rbrack^{2 -}\leftrightarrow\ ZnO + \ H_{2}O + 2OH^{-} \right.$$Fig. 5Three stage growth mechanism for the formation of spherical nanostructure for R1 and μ-flower in case of R2.Fig. 5

Under this environment, close packing of ZnO nuclei resulted in the formation of hexagonal structure which was further stacked over one another along *c-axis* forming hexa-poles. ZnO is a polar crystal having two polar surfaces normal to *c-axis*. The top surface is catalytically active Zn(0001) whereas bottom surface is inactive oxygen surface (0001). Thus it helps the top surface to grow energetically in radial direction on the formation of ZnO nuclei. Third stage involves the self-assembly of hexa-poles into three-dimensional *μ*-flower in order to minimize the surface energy to keep symmetry of the crystal structure [@bib32].

3.3. Strain and stress analysis {#sec3.3}
-------------------------------

W-H plots were studied with its modified equations to evaluate strain, stress and energy density values. Williamson and Hall used convolution to study the effect of both parameters (size and strain) leading to peak broadening.

### 3.3.1. Uniform deformation model (UDM), uniform stress deformation model (USDM), uniform deformation energy density model (UDEDM) {#sec3.3.1}

Broadening of peak due to crystal size, *β*, (given through Scherrer formula) varies as 1/Cos*θ* and due to strain (described as *β*~e~ = 4*ε*tan*θ*) varies as tan*θ*. Thus the W-H equation for total peak broadening becomes$$\beta_{hkl}\ Cos\ \theta = \frac{k\lambda}{D} + 4\varepsilon\ Sin\theta\ $$

The [Eq. (4)](#fd4){ref-type="disp-formula"} is known as UDM based on the assumption that strain present in the material is uniform in all directions, thus considering the crystal to be isotropic. Similar to UDM, USDM is also based on certain assumptions. So with in elastic limit, Hooke\'s relation of linear proportionality between stress and strain (*σ* = *Yε*, where *Y* is the Young\'s Modulus) can be used to determine stress. Following this approach, W-H equation ([Eq. (4)](#fd4){ref-type="disp-formula"}) is modified to [Eq. (5)](#fd5){ref-type="disp-formula"}:$$\beta_{hkl}Cos\theta = \frac{k\lambda}{D} + \frac{4\sigma Sin\theta}{Y_{hkl}}$$

Young\'s modulus calculated for hexagonal ZnO nanoparticle was 119 GPa approximately [@bib18]. Another model named UDEDM further used to calculate the approximate energy density of crystal. In UDM, homogeneous isotropic behavior of crystal is taken into consideration that in most of the cases is not true. Thus while considering energy density with in elastic limits, Hooke\'s law can be given by relation u = (*ε*^2^*Y*~hkl~)/2 and W-H [Eq. (5)](#fd5){ref-type="disp-formula"} can be rewritten in the form of [Eq. (6)](#fd6){ref-type="disp-formula"}.$$\beta_{hkl}Cos\theta = \frac{k\lambda}{D} + \left( {4Sin\theta\ \left( \frac{2u}{Y_{hkl}} \right)^{\frac{1}{2}}} \right)$$

Linear fitted W-H plots were drawn as shown in [Fig. 6](#fig6){ref-type="fig"}(a, b and c), whose slope deduced information about strain, stress and energy density and the intercept was used to approximate the crystal size. In the above-described models, lattice strain, stress and energy density were determined within certain approximation ([Table 2](#tbl2){ref-type="table"}). It clearly show the decrease in strain value with the increase in crystal size from R1 to R2; and hence the decrease in stress and energy values too. The crystallite size for R1 and R2 obtained using these models were in good agreement with the average size calculated after Rietveld refinement, as listed in [Table 2](#tbl2){ref-type="table"}.Fig. 6W-H plots with linear fitting based on (a) UDM for strain approximation (b) USDM for stress approximation, (c) UDEDM for energy density.Fig. 6Table 2Crystal size and simulated parameters through various W-H models for R1 and R2.Table 2Sample nameCrystal size *D*(nm)W-H methodUDMUSDMUDEDM*D*(nm)*ε* × 10^−3^*D*(nm)*σ* (MPa)*D*(nm)*u*(kJm^−3^)R123 ± 135 ± 41.9 ± 0.335 ± 4221 ± 3535 ± 4203 ± 5R226 ± 144 ± 31.8 ± 0.144 ± 3213 ± 1644 ± 3185 ± 1

3.4. Optical properties {#sec3.4}
-----------------------

[Fig. 7](#fig7){ref-type="fig"} shows the graph between absorbance and wavelength for R1 and R2 samples. The Kubelka-Munk (K-M) model was used to determine the band gap based on [Eq. (7)](#fd7){ref-type="disp-formula"}.$$F\left( R \right) = \frac{\left( 1 - R \right)^{2}}{2R}$$where *F(R)* is K-M function and *R* is reflectance [@bib33]. Graph is plotted between (*F(R) hν*)^2^ and *hν* for two samples, where intercept give value of energy band gap (shown in inset of [Fig. 7](#fig7){ref-type="fig"}). The band gap was found to be 3.21 eV for R1 and 3.17 eV for R2. Small difference in the band gap was due to size parameter.Fig. 7UV-DRS spectra of R1 and R2 samples. Inset shows the graph between (F(R) hν)^2^ and hν based on K-M model.Fig. 7

3.5. Evaluation of vacancies and local atomic structure {#sec3.5}
-------------------------------------------------------

The synchrotron based XAS technique was used to evaluate the vacancies present in R1 and R2. In this technique, transition of core electron took place on absorbing photon energy and these transitions were governed by dipole selection rules [@bib34]. [Fig. 8](#fig8){ref-type="fig"}a ascribed the normalized total electron yield (TEY) NEXAFS spectra at O *K-* edge giving information about transitions from O 1*s* state to unoccupied 2*p*~*Π*~ and 2*p*~*σ*~ orbitals. We adjusted the intensity to 0 at 530 eV. Four features A1-A4 was located at 537, 539.8, 542.5, 545.5 eV, respectively. The spectral feature A1, A2 in the energy range 536--540 eV corresponds to the O 2*p* hybridization with Zn 3*d*4*s* states following the selection rules. Features A3, A4 in the energy range 541--549 eV were due to O 2*p* state hybridization with Zn 4*p* state. Beyond this energy, the spectral features were due to hybridization of O 2*p* with Zn higher extended states. In [Fig. 8](#fig8){ref-type="fig"}a, the blue line represents the difference spectra of the two samples, which is almost a straight line. Thus all the spectral features of R1 and R2 matched with each other.Fig. 8(a) Normalized NEXAFS spectra at O *K*-edge for R1 and R2, (b) simulated data by using core hole effect and no-core hole effect for R1. Solid lines represent a close match of the experimental and simulated data when no-core hole potential was considered.Fig. 8

For detailed investigation, we used FEFF9.05 code and performed analysis for both core hole and no-core hole potential in order to have an agreement between experiment and theory as shown in [Fig. 8](#fig8){ref-type="fig"}b. Simulation done with no-core hole effect matched well (except at the peak A1) with the experiment (shown for R1 sample). The intensity at peak A1 found to be suppressed in experimental spectra in both samples and this suppression could be attributed to the presence of defects/vacancies in the structure. These defect states include Zn-vacancy, O-vacancy and Zn-interstitial [@bib35]. Hsu *et al.* [@bib36] reported the formation of oxygen vacancies at the pre-edge of Zn *K-* edge for ZnO that can be correlated to the room temperature ferromagnetism (RTFM). In order to see insight nature of defects, we performed simulation by introducing oxygen defects and zinc defects into ZnO under the same conditions as for ZnO, shown in [Fig. 9](#fig9){ref-type="fig"}. When zinc vacancy was created, no change was observed in the intensity of peak A1 ([Fig. 9](#fig9){ref-type="fig"}b and d). Whereas, on introduction of oxygen vacancy, the suppression of peak A1 occurred and simulated data show a trend similar to experiment as clearly seen in [Fig. 9](#fig9){ref-type="fig"}a and c. It was therefore concluded that prepared samples have oxygen-vacancy defects in the structure. [Fig. 10](#fig10){ref-type="fig"} shows Zn *L*~*3,2*~ --edge spectral features, which indicate the transition between various energy states. As we know that in ZnO, 3*d* states are fully occupied, thus Zn *L*~*3*~ -edge is very sensitive to electron transitions from 2*p* to 4*s*4*d* states being followed by Mott-selection rules [@bib34]. In [Fig. 10](#fig10){ref-type="fig"}a, spectral feature B1 (1022.6 eV) has contribution from Zn 4*s* state, whereas B2 (1027.1 eV), B3 (1031.6 eV) were followed up by 4*d* transition states and higher transition is due to multiple overlapping of bands [@bib37]. Further simulation using FEFF9.05 was carried by considering core-hole and no-core hole effects to correlate the experimental results ([Fig. 10](#fig10){ref-type="fig"}b). Data simulated with no-core hole potential gave satisfactory agreement in both experimental and theoretical results as shown in [Fig. 11](#fig11){ref-type="fig"}a and b. Both R1 and R2 have almost same NEXAFS spectral features, which show that ZnO with different morphologies exhibit same transitions.Fig. 9Comparison between experiment and simulated data in presence of oxygen vacancy (a, c) and Zn vacancy (b, d) for both samples by taking no-core hole effect. Creation of oxygen vacancy gives a better match to the experiment.Fig. 9Fig. 10(a) Normalized NEXAFS spectra at Zn L~3,2~-edge of ZnO, where blue line represents the difference in features, (b) comparison between experimental and simulated data by using core hole effect and no-core hole effect for R1.Fig. 10Fig. 11Simulation performed with no- core hole potential for R1 and R2.Fig. 11

To determine the local atomic structure around absorbing atom, EXAFS measurements at Zn *K-* edge were performed. Data was analyzed using FEFF9.05 code. [Fig. 12](#fig12){ref-type="fig"}a and b represents normalized EXAFS spectra of R1 and R2 and the XANES (X-ray absorption near-edge structure) spectra at Zn *K*--edge for both samples. The XANES spectrum was considerably same for both. The spectral feature marked with dotted lines represents the transition from 1*s* to 4*p* states. [Fig. 12](#fig12){ref-type="fig"}c show the Zn *k*^*2*^-weighted EXAFS oscillation spectrum of ZnO nanoparticles. *k*^2^χ(*k*) plotted as a function of wave vector *k,* which provides thorough facts about the atomic environment of lattice. Further simulation of Fourier Transform (FT) EXAFS function was performed through FEFF9.05 Artemis, which shows two prominent peaks corresponding to Zn-O and Zn-Zn bond spacing ([Fig. 12](#fig12){ref-type="fig"}d). The coordination number (N), bond distance (R) and Debye-Waller factor (σ^2^) has been considered as fitting parameters. The amplitude $\left( S_{0}^{2} \right)\ $ calculated from the metal-foil data and absorption edge energy shift (ΔE~0~) was kept 0.72 and 4.78 eV, respectively. Data range taken in *k*-space was 3--10 Å^−1^ and the fitting was done in R-space within 1.0--3.7 Å using hanning window. In the simulation, a coordination of first 4 O atoms and 12 Zn second nearest atoms were taken into consideration. The best fit parameters have been shown in [Table 3](#tbl3){ref-type="table"}, compared with the reported data \[[@bib38], [@bib39]\]. Various oscillations in *k*^2^χ(*k*) curves ([Fig. 12](#fig12){ref-type="fig"}c) exhibited similar trend, which revealed Zn-ions coordination to be same in both samples. [Fig. 12](#fig12){ref-type="fig"}d represents the radial distribution function at Zn *K-*edge in terms of FT of EXAFS oscillations. Thus from the EXAFS spectra, it was inferred that samples have similar spectral features and thus have same local atomic structure.Fig. 12(a) Normalized Xμ(E) spectra at Zn *K*-edge, (b) XANES spectrum around Zn K- edge, (c) k^2^χ(*k*) weighted EXAFS oscillations (open symbols) along with their best fits (solid lines) in the region k = 3--10 Å^−1^ (marked with dotted line window), (d) Radial distribution obtained by Fourier Transform of EXAFS oscillations (open symbols) and their best fits (solid line).Fig. 12Table 3The analyzed results of EXAFS spectra of R1 and R2. N is the coordination number, R is bond distance and σ^2^ is Debye-Waller factor. The amplitude $\left( S_{0}^{2} \right)\ $ and absorption edge energy shift (ΔE~0~) is fixed as 0.72 and 4.78 eV, respectively. The simulated data is compared with reported data \[[@bib38], [@bib39]\].Table 3PairR1R2NRef [@bib38]Ref [@bib39]NR (Å)σ^2^ (Å^2^)NR (Å)σ^2^ (Å^2^)R (Å)R (Å)Zn-O(4)41.9880.00241.9750.01741.9701.942Zn-Zn(12)123.1760.001123.2680.014123.2503.226

4. Conclusion {#sec4}
=============

Effect of different synthesis environment on physical, morphological and electronic properties was accessed. XRD and Raman analysis concluded that hydrothermal synthesis has improved crystallinity. It also indicated the formation of long-range order ZnO lattice along with 3D structure in hydrothermal synthesis process. The results of modified W-H equations indicated lowering of strain, stress and energy density values with the increasing crystallite size. From FE-SEM, the growth process of two differently attained morphologies was put forward giving relevant facts about the formation of ZnO nanostructure and μ- flower. Theoretical study of X-ray absorption spectroscopy further revealed the presence of oxygen vacancies in both the samples, apart from their different morphology. Moreover, as the morphology changed on adopting two different synthesis routes, their local electronic/atomic structure tends to follow the similar behavior as predicted from density functionally theory (DFT) calculations (FEFF9.05), which might be due to the small difference in crystallite size in both cases. The synthesized material via hydrothermal technique is better for potential applications in spintronics/optoelectronic devices.
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